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Long-lived Particles

» Non-prompt decays
» Light or weakly coupled new physics

> Interesting detector signatures:
» Displaced decays
» Missing energy
» More exotic signatures
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Axion-like particles

» Effective Model of Standard Model + ALP

» Couples in the UV to either fermions or W-bosons
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ALPs at Belle Il

» Belle Il is an eTe™-collider:

» Small boost
» Clean background
» Optimised for rare B-decays

» We produce ALP in BT — K*a
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Displaced decays

» The ALP decays into pair of visible particles
» Within the tracking system (CDC)

dres
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Displaced ALP decays

» Bt - K"a, a— ptpu,ete, vy displaced

» Simulated with

EvtGen data

» Assume zero background
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Invisible decays

» ALP decays outside of detector
» The other B decays generically
» Difficult to reconstruct

» Analysis of B- and continuum backgrounds

R
Niny = N X Br (B — Ka) x e 7t X ¢

Ruth Schafer (Heidelberg University) Displaced or Invisible? Brookhaven Forum 2021 7/14



Kinematic variables of the system

» The decay B — Ka is given by its final state momenta

p(K),p(a)
p(a) is not measurable
Pmiss 1S measurable

» We choose the following variables to describe our system:

Kaon transverse momentum pr(K)
Opening angle between kaon and missing momentum ¢ gy, ;..
Reconstructed B-meson mass M2 from p(K), Pmiss

Ruth Schafer (Heidelberg University) Brookhaven Forum 2021 8/14



Kinetic variables in our signal samples
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Kinetic variables in our backgrounds
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Placing cuts on the distributions
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Bounds from invisible decays
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Displaced or Invisible?

Projected bounds on BR(B* -»K* + X) at Belle Il
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Conclusion

Belle Il is a good detector for long-lived particles
Invisible searches are stronger than displaced ones
This varies from model to model and detector to detector

vvyyy

Searches for long-lived particles can greatly help us explore the ALP
parameter space

» Displaced searches are useful for characterising LLPs
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